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The Deep Space Network is interested in predicting whether it will be able to
achieve a satisfactory performance level on Pioneer Venus 1978 (PV’78) telemetry
over a fading channel. In an earlier article, a theoretical model for the combined
effects of log-normal fading and a noisy carrier reference on sequentially decoded
phase-shift keyed (PSK) telemetry was used to analyze the PV’78 large probe link
at 256 bps. This model is now applied to the 16-bps small probe telemetry mode.

l. introduction

An analytical model was recently developed for pre-
dicting the combined effects of log-normal fading and a
noisy carrier reference on convolutionally encoded/
sequentially decoded phase-shift-keyed (PSK) telemetry
(Ref. 1). In a previous article (Ref. 2), this model was
used to analyze the Pioneer Venus 1978 (PV'78) large
probe telemetry link at 256 bps. As part of a continuing
DSN support study, a similar examination of the 16-bps
small probe telemetry mode is reported here.

Il. Assumptions

As in the 256-bps case, the desired frame deletion rate
was set at 102, The received signal-to-noise ratio P;/N,
required to achieve this level of performance was com-
puted as a function of the severity of the channel fading,
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characterized by the variance ox* of the log-amplitude
fluctuations. Using experimental data from the Russian
Venera space probes, Woo (Ref. 3, Eqs. 12 and 13) has
shown that

L 11/6
o’ = 0.0142 <g> (1)

where L is the atmospheric path length of the probe-to-
Earth telemetry link, in km.

The fading/noisy reference model incorporates process-
ing losses in the data and carrier tracking channels (Ref.
2, Egs. 2 and 3); at 16 bps, these anticipated losses are

Ly, =232dB (2)

L. = 1.00dB (3)
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It was again assumed that a standard DSN sequential
decoder could perform about 25,000 computations/second
in real-time operations: this translates into a computa-
tional capacity N = 1562.5 computations/bit at 16 bps.
A value of N an order of magnitude larger than this was
also used to determine whether a significant improve-
ment in performance could be achieved by resorting to
non-real-time decoding.

As in the 256-bps analysis, we constrained the tracking
loop to have a carrier reference phase jitter o> compat-
ible with very long baseline interferometry (VLBI) re-
quirements. This required that the received -carrier
signal-to-noise ratio in the (two-sided) threshold phase-
locked loop bandwidth 2B, satisfy the constraint (Ref. 2,
Eq.4)

Prcos? 0 ~ )
7= N 2B, .L. > (10 + 14.1 %) dB (4)

where 6 is the modulation angle, and 2B,, = 12 Hz.

Finally, despite previously expressed reservations (Ref.
1, “Commentary,” p. 60; Ref. 2, “Results”), the analysis of
the 16-bps link was performed using Layland’s formula for
the characteristic decoder memory time T,, (Ref. 4, Eq. 6)
in the fading/noisy reference model. There are plans to
determine this parameter empirically so as to maximize
the agreement between our analytical model and experi-
mental evidence.

Il. Results

As a reference point for design control table purposes,
in order to measure losses due to fading, noisy carrier
reference, and receiver processing, an idealized 16-bps
link with o = 0, L, = L, = 0, and a perfect carrier
reference was analyzed. The results are contrasted in
Table 1 with the 256-bps case (Ref. 2, Fig. 1) as a function
of the decoding rate C. We find that the slower telem-
etry link requires a 0.50-dB smaller received bit energy-
to-noise ratio p for real-time decoding, with a lesser
savings in the non-real-time case.

Figure 1 still neglects the fading, but incorporates the
noisy reference and processing losses into the analysis of
the 16-bps link with real-time decoding. Strictly from a
telemetry viewpoint, we see that our desired frame dele-
tion rate of 10~ could be achieved in this case with P,/N,
as low as 22.03 dB at a corresponding modulation angle
§ = 46.8 deg; however, the tracking loop parameter 4
would then be 6.96 dB, which would not satisfy the
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VLBI requirement, o = 10 dB in the absence of fading.
The minimum received signal-to-noise ratio which simul-
taneously satisfies the data and carrier channel require-
ments is Pr/N, = 23.19 dB at § = 31.7 deg, an increase
of 1.16 dB over the data requirement alone.

Using Fig. 1 and a similar set of curves for the non-real-
time decoding case, the variation of P,/N, with 8 is
shown in Fig. 2 for a deletion rate of 10-* in the absence
of fading. The solid curves indicate the regions where
7> 10 dB.

The remaining graphs deal with the effects of atmo-
spheric fading, which, we have already noted, is charac-
terized by o.*. During its approximately 2-hour descent to
the surface of Venus, ox* will vary from an initial value
of zero to a maximum value on the surface, when the
atmospheric path length L in Eq. (1) is greatest. Refer-
ring to Fig. 3, suppose the probe-to-Earth transmission
angle is ¢ relative to the radial direction; assuming Venus
has a radius of 6050 km, and the atmosphere is homo-
geneous and ends abruptly 55 km above the surface of
Venus (Ref. 5; Ref. 3, p. 8), a transmission from the
surface has an atmospheric path length

L = \/(6105)? — (6050 sin $)* — 6050 cos ¢, km
(5)

Equations (1) and (5) have been combined in Graph 3
to provide a curve of ¢ at the surface of Venus vs the
transmission angle ¢. Two values of ¢ have commonly
been used as benchmarks for the PV’78 mission; the
corresponding values of ¢, from Fig. 4 are

0014; ¢ = 0°

ox® = (6)
0.049; ¢ = 60°

Figure 5 represents the degradation of the link in Fig. 1
due to log-normal fading, when o? = 0.049. As before,
the optimum operating point with regard to our telem-
etry performance requirement only (P;/N, = 24.48 dB;
g = 50.9 deg) does not satisfy the VLBI requirement
(n > 10.69 dB). To simultaneously meet both needs, the
minimum received Pr/N, = 24.94 dB (an increase of
0.46 dB, which is less than in the nonfading case of Fig. 1)
at § = 41.1°. In analyzing the 16-bps link over the
probe lifetime, this represents the worst case requirement
for ¢ = 60°.

Figure 6 is an extension of Fig. 5 and demonstrates
how our link requirements vary with o for. real-time
decoding; Fig. 7 does the same for the non-real-time
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case. For the o* = 0.049 case, Fig. 7 shows that increas-
ing the computational capacity an order of magnitude
lowers the required P,/N, to 24.79 dB, which is a trivial
savings of 0.15 dB over the real-time decoding require-
ment.

As an example, Table 1 and Figs. 2 and 6 were used to
generate the design control table shown in Table 2 for
the 16-bps link with ¢, = 0.049 and real-time decoding.
The entries for this table are derived in the manner
described for the 256-bps link (Ref. 2). Unlike the 256-bps
case, the carrier and data channel margins are equal at
16 bps. In the example of Table 2, the overall link margin

(minimum of the carrier and data channel margins) is
5.78 dB; this can be compared with an overall margin of
2.45 dB for the equivalent 256-bps link. Note that the
noisy reference and fading losses for these two links are
virtually identical:

2.12 dB; 16 bps

. f ] =
noisy reterence 10ss % 2.10 dB; 256 bps )

2.74 dB; 16 bps
fading loss = (8)
2.75 dB; 256 bps
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Table 1. Required signal-to-noise ratios for ideal lossiess
telemetry links at 16 and 256 bps (reference case)

No fading (,2 = 0); perfect carrier reference; no system losses

(L, = Ly, = 0); frame deletion rate = 10-2

Non-real-time

Parameter Real-time processing processing
C, comp/s 2.5 X 10+ 2.5 X 105
Rg, bps 16 256 16 256
N = C/R, comp/bit 1562.5 97.7 15,625 977
p = Eg/N,, dB 2.08 2.58 1.77 2.14

Table 2. Telecommunications design control table

Telemetry mode: PV’78 small probe-to-earth telemetry link; Convolutional coding (K = 32,

y =

14 ) with sequential decoding; Real-time processing, N = 1562.5 comp/bit

No. Parameter Nominal value, dB Comments
Performance .
1 Available P,/N, 30.72 2"12?21“2&03 50° elov
2 Threshold snr, 3 10.00 VLBI requirement
3 Fading loss 0.69 a2 = 0.049
4 System loss, L, 1.00
Carrier 5 2By, 10.79 12 Hz
6 Cos2¢ —~2.46 = 41.1°
7 Required P,/N, 24,94 Nos. (2+3+4+5~-6)
8 Margin 5.78 Nos. (1-7)
9 Ideal p (lossless) 2.08 Deletion rate = 10-2
10 Noisy reference loss 2.12
11 Fading loss 2.74 a2 = 0.049
Telemetry 12 System loss, L, 2.32
13 Rate, Ry 12.04 16 bps
14 Sin%¢ -3.64 6 =41.1°
15 Required P,/N, 24.94 Nos. (9+10+11+12+13-14)
16 Margin 5.78 Nos. (1-15)

JPL DEEP SPACE NETWORK PROGRESS REPORT 42-25

91



l T
Ry = 16 bps

NOISY CARRIER REFERENCE

@ SYSTEM LOSSES:
K4 Lp = 2.32 d8

= 1.00 dB

FRAME DELETION RATE

NO FADING (o2 = o) ]

N = 1562.5 comp/bit —

8, deg

Fig. 1. Signal-to-noise requirements for 16-bps telemetry link in
the absence of fading, with real-time decoding
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Fig. 2. Signal-to-noise ratios required to achieve a frame
deletion rate of 10-2 in the absence of fading
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Fig. 3. Variation of atmospheric path length L with transmission
angle ¢ from the surface of Venus
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Fig. 4. Variation of log-normal fading parameter o, at the
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Fig. 5. Signal-to-noise requirements in the presence of fading

(s,2 = 0.049) with real-time decoding
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Fig. 6. Degradation of 16-bps telemetry link with real-time de-
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Fig. 7. Non-real-time decoding version of Fig. 5
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